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(54) PLANAR ANTENNA AND ANTENNA ARRAY 

(57)Abstract 

PROBLEM TO BE SOLVED: To facilitate the miniaturization and 
production of a planar antenna and an antenna array by satisfying the 
specified relation between the depth of a corrugate structure and a 
wavelength in free space. 

SOLUTION: It the depth of a groove in the corrugate structure is defined 
as CL and the wavelength in the free space is defined as Xo, the 
corrugate structure is constituted so as to satisfy the relation 0.05 Xo< 
CL. A planar antenna 10 is constituted by using a substrate 1 1 composed 
of a dielectric and a conductor part 12 formed on the substrate 1 1, while 
having a tapered slot part 13 with which electromagnetic waves are 
radiated or made incident. The tapered slot part 1 3 is composed of an 
input part 13a» a curved line part 13b and on opening part 13c. At both 
the side ends of the conductor part 12 parallel to the radiating direction 
of electromagnetic waves, a corrugate structure 14 composed of plural 
grooves formed by periodically rectangularity removing the conductor part 
12 is provided. Thus, even if the length of an antenna terminal from the 
opening part of the planar antenna is shortened, deterioration in the 
directivity of the planar antenna can be prevented. 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3Tn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the flat antenna and 
antenna array to which it enabled it to change independently and continuously the directivity of the 
Eth page and H plane of a flat antenna while enabling it to attain easily improvement and a 
miniaturization of the directivity [ detail ] of a flat antenna more about a flat antenna and an antenna 
array applicable to the radio equipment which contains mobile communication equipment, a small 
information terminal, and other flat antennas. 
[0002] 

[Description of the Prior Art] The tapered slot antenna which is one gestalt of a flat antenna is 
equipped with the structure where the slot width of a slot line has an inclination and becomes large 
(to the shape of a taper), and emits an electromagnetic wave in the parallel direction (travelling 
direction of a slot line) to an antenna side. Below, the thing of a tapered slot antenna will only be 
described to be a flat antenna. 

[0003] Drawing 18 is the plan showing an example of the conventional flat antenna, the conductor 
which the flat antenna 90 shown in drawing 18 is formed on the substrate 1 1 which consists of a 
dielectric, and a substrate 11, and has radiation or the taper-like slot section 13 which carries out 
incidence for an electromagnetic wave — it is constituted using the section 12. The taper-like slot 
section 13 consists of input section 13 a, curvilinear section 13b, and opening 13c. For the antenna 
length of this flat antenna 10, the width of face of four waves and opening 13c is the die length Dl 
between the edge (antenna opening edge) of one wave and opening 13c, and an antenna edge, and 
D2. They are two waves, respectively. In addition, in drawing 18 , 16 shows the balun which carries 
out mode transformation to the feeder 17 of a KOPURENA track. 

[0004] since the structure of this flat antenna 90 is the same as that of a slot line — a microstrip line — 
like — a rear face — touch-down — a conductor is not needed but it has the description of the ability 
to make it unite with the feeder of uni-planar structure, or a matching circuit easily. 
[0005] However, a flat antenna 90 has the following limits about the magnitude of an antenna, 
especially the width of face of an antenna. Generally, the width of face of opening 13c of a flat 
antenna 90 is the die length Dl from the edge of opening 13c to an antenna edge, and D2, although it 
is about one wave. It is said, respectively that about two waves are need. They are the die length Dl 
from the edge of opening 13c to an antenna edge, and D2. When it is made shorter than two waves, it 
is said that the directivity of a flat antenna 90 deteriorates. 

[0006] For example, if die length from the edge of opening 13c to an antenna edge is shortened as 
mentioned above, the example that the directivity of a flat antenna 90 deteriorates is indicated by 
Ramakrishna Janaswamy and Daniel H.Schaubert, "Analysis of the Tapered Slot Antenna IEEE" 
Trans on Antennas and Propagation, Vol.AP-35, No.9, and 1987 p.1058-1065. Moreover, if there is 
three or more waves of die length from the core of an antenna to an antenna edge where the die 
length from the edge of opening 13c to an antenna edge is kept constant according to this paper, the 
effect of an antenna edge can be disregarded and the purport which can keep the directivity of an 
antenna good is indicated. 

[0007] Thus, although the width of face of opening 13c is about one wave in the conventional flat 
antenna, they are the die length Dl from the edge of opening 13c to an antenna edge, and D2. Since 
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about two waves were need, the width of face of the whole flat antenna had become about five 
waves and a big thing, respectively. When putting in another way and it took maintaining directivity 
into consideration, it was difficult to attain the miniaturization of a flat antenna. 
[0008] therefore, a conductor - the flat antenna which prepared corrugated structure in the both- 
sides edge parallel to the radiation direction of the electromagnetic wave of the section 12 is 
proposed (Satoru Sugawara, Yutaka Maita, Kazuhiko Adachi, Koji Mori, and Koji Mizimo, "A MM- 
WAVE TAPERED SLOT ANTENNA WITH IMPROVED RADIATION PATTERN" IEEE 1997 
MTT-S IMS Digest pp.959), thus, a conductor - preparing corrugated structure in the section 12 ~ 
the die length Dl from the edge of opening 13c of a flat antenna to an anteima edge, and D2 Even if 
it is the case where it shortens, the antenna with which directivity does not deteriorate becomes 
realizable. 

[0009] Above, although the relation between the size of a flat antenna and directivity was explained, 
below, the conventional approach for controlling the directivity of a flat antenna is explained. 
Following three are known as an approach for changing the directivity of a flat anteima (it 
controlling). 

[0010] The 1st approach changes directivity by changing the configuration of the taper-like slot 
section of a flat antenna. LTSA shown in drawing 19 knovm as a standard flat anteima (Linearly 
Tapered Slot Antenna) vivaldi (exponentially tapered slot antenna) shown in drawing 20 when it 
compares is CWSA (Constant Width Slot Antenna) which it is known that there is an inclination 
with larger directivity, and is shown in drawing 21 . It is known that there is an inclination with 
narrower directivity. 

[001 1] Moreover, the 2nd approach changes directivity by changing the antenna length of a flat 
antenna. Changing directivity originates in a flat antenna being an antenna of a progressive wave 
mold by changing the antenna length of a flat antenna. 

[0012] Furthermore, the 3rd approach changes directivity by shortening substrate width of face of a 
flat antenna. That is, this 3rd approach will use the inclination for the directivity of the Eth page to 
become narrow, if substrate width of face of a flat antenna is shortened. In addition, about the 
substrate width of face of a flat antenna, and the relation with directivity of the Eth page, it is pointed 
out by Janaswamy and Schaubert in the above-mentioned paper. 
[0013] 

[Problem(s) to be Solved by the Invention] However, it sets to the flat antenna which has the above- 
mentioned corrugated structure. Even if it is the case where die length from the edge of opening of a 
flat antenna to an antenna edge is shortened, respectively Since it is not yet shown clearly whether 
directive degradation can be prevented effectively if what kind of corrugated structure is formed 
although it is said that the antenna with which directivity does not deteriorate can be realized. The 
flat antenna which has corrugated structure could not be manufactured easily, but attaining the 
miniaturization of a flat antenna had the trouble of being difficult. Therefore, it was difficult to 
establish corrugated structure and to attain a miniaturization also about the antenna array which 
arranged and constituted two or more flat antennas. 

[0014] Moreover, if it was in the 1st approach for changing the directivity of a flat antenna, since it 
was very difficult to change continuously the directivity of what can change directivity roughly, 
obtaining the flat antenna which has desired directivity had the trouble of being difficult. 
[0015] Moreover, if it was in the 2nd approach for changing the directivity of a flat antenna, it was 
possible to have changed directivity continuously, but since the directivity of the Eth page and an H 
plane changed to coincidence, there was a trouble that the directivity of either the Eth page and an H 
plane was uncontrollable independently. In addition, in order to narrow directivity and to have to 
lengthen the antenna length of a flat antenna, there was a trouble that it became difficult to attain the 
miniaturization of a flat antenna. 

[0016] Furthermore, if it was in the 3rd approach for changing the directivity of a flat antenna, since 
the side lob level of the Eth page and an H plane became high in connection with it of what can 
narrow directivity of only the Eth page by narrowing substrate width of face, actually using this 
approach had the trouble of being difficult. 

[0017] When this invention is made in view of the above and the corrugated structure which can 
prevent directive degradation effectively shows clearly what kind of thing it is, the miniaturization of 
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a flat antenna and an antenna array is attained easily, and let it be the 1st purpose to enable it to 
manufactvire easily a small flat antenna and a small antenna array. 

[0018] Moreover, let it be the 2nd purpose to enable it to manufacture easily the flat antenna and 
antenna array which have desired directivity, as the directivity of the Eth page and H plane of a flat 
antenna can be changed independently and continuously, without making this invention in view of 
the above, and changing the configuration of the tapered slot section of a flat antenna, and own 
magnitude of a flat antenna. 
[0019] 

[Means for Solving the Problem] if it is in the flat anterma of claim 1 in order to attain the above- 
mentioned purpose ~ the conductor of a both-sides edge parallel to the radiation direction of an 
electromagnetic wave — the flat antenna which prepared corrugated structure in the part — setting — 
the depth of flute of said cormgated structure ~ the wavelength in CL and free space ~ lambda 0 ** - 

- the case where it carries out — said depth-of- flute CL and wavelength lambda 0 Said corrugated 
structure is constituted so that it may become the relation of O.OSlambdaO <=CL. 

[0020] moreover — if it is in the flat antenna of claim 2 ~ the conductor of a both-sides edge parallel 
to the radiation direction of an electromagnetic wave ~ the flat anterma which prepared corrugated 
structure in the part ~ setting ~ the depth of flute of said corrugated structure — the wavelength in 
CL and free space ~ lambda 0 ** — the case where it carries out — said depth-of-flute CL and 
wavelength lambda 0 O.OSlambdaO <=CL<=0.151ambdaO Said corrugated structure is constituted so 
that it may become relation. 

[0021] Moreover, if it was in the flat anteima of claim 3, when the die length to the antenna edge of 
the side which established said corrugated structure from the opening edge of said flat antenna is 
further set to D in a flat anterma according to claim 1 or 2, they are said depth-of-flute CL and 
wavelength lambda 0. It reaches and die-length D is D-CL>=0.11ambdaO. Said corrugated structure 
is constituted so that it may become relation. 

[0022] Furthermore, if it is in the anterma array of claim 4, on the same flat surface, two or more flat 

antermas of any one publication of said claim 1-3 are arranged, and are constituted. 

[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the flat antenna conceming this 
invention and an anterma array is explained to a detail, referring to a drawing. 

[0024] [Gestalt 1 of operation] A flat anterma is explained in the gestalt 1 of operation. Drawin g 1 is 
the plan of the flat anterma conceming the gestalt 1 of operation, the conductor which the flat 
antenna 10 shown in drav^ng 1 is formed on the substrate 1 1 which consists of a dielectric, and a 
substrate 1 1, and has radiation or the taper- like slot section 13 which carries out incidence for an 
electromagnetic wave — it is constituted using the section 12. The taper- like slot section 13 consists 
of input section 13a, curvilinear section 13b, and opening 13c. moreover, a conductor — a both-sides 
edge parallel to the radiation direction of the electromagnetic wave of the section 12 ~ a conductor — 
the corrugated structured division 14 which consists of two or more slots which removed the section 
12 in the shape of a rectangle periodically, and were formed is formed. In addition, in drawing 1 , 16 
shows the balun which carries out mode transformation to the feeder 17 of a KOPURENA track. 
[0025] Drawing 2 is the enlarged drawing of the field A in drawing 1 , and is for explaining the 
corrugated structured division 14. drawing 2 — setting — 20 ~ the conductor on a substrate 1 1 — the 
slot which constitutes the corrugated structured division 14 formed by removing the section 12 in the 
shape of a rectangle periodically — being shown ~ CL (Corrugation Length) ~ the depth of a slot 20 

— CW (Corrugation Width) The width of face of a slot 20 is shown, respectively. 

[0026] Below, the corrugated stmctured division 14 is explained to a detail about how it constitutes. 
In order that the artificer of this invention might check whether it is effective in order that 
constituting the corrugated structured division 14 how may aim at directive improvement in a flat 
anterma 10, he produced two or more flat antennas 10 from which depth CL of the slot 20 which 
constitutes the corrugated structured division 14, and the dimension of width of face CW differ, 
respectively, and conducted the experiment which investigates each property. By explaining to a 
detail the experiment which the artificer of this invention conducted in order of the experimental 
result at the time of changing the experimental result at the time of changing depth CL of the (1) slot 
20 to below and the width of face CW of the (2) slot 20 and (3) conclusions explains the 
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configuration of the corrugated structured division 14. 

[0027] (1) The flat antenna used for the experimental result ** CL-one experiment experiment at the 
time of changing depth CL of a slot 20 is the same configuration as what was shown in drawing 1 
and drawing 2 , and is formed by the pattem (conductor section 12) of copper with a thickness of 5 
micrometers by which the laminating was carried out on the substrate 1 1 which consists of 
polyimide (Kapton) with a thickness of 50 micrometers, and the substrate 1 1 . About a dimension, it 
is the wavelength of 5mm in fi-ee space with a design frequency of 60GHz lambda 0 It carries out. 
They are SlambdaO and width of face about the die length of the whole flat antenna 21ambda0 It 
carries out and is the die length Dl firom lambda 0 and an opening edge to a substrate edge about the 
width of face of 41ambda0 and opening 13c in the die length of the taper-like slot section 13. And D2 
It is 0. SlambdaO, respectively. It carried out (in this case, lambda 0 corresponds to 5mm). In addition, 
in the following explanation, the dimension which is not specified especially about the dimension of 
a flat antenna is the same as the above-mentioned dimension. 

[0028] Here, it is the width of face CW of the slot 20 in the corrugated structured division 14 
0.041ambda0 It carries out. It is the wavelength lambda 0 in free space about depth CL of a slot 20. 
The directivity of each flat antenna produced so that it might differ in the 0 to 0.4 times as many 
range as this is measured, respectively. It is the wavelength lambda 0 in free space about depth CL of 
a slot 20. Change of lOdB beam width in the Eth page and H plane at the time of making it chmige to 
zero to 0.4 (0 to 0.25 times as many part as this) time was considered. In addition, CL is the 
wavelength lambda 0 in fi-ee space. A 0 time as many flat anterma as this means a flat antenna 
without the corrugated structured division 14. 

[0029] Drawing 3 - drawing 6 are graphs which show the example of the measurement result about 
antenna directivity. Here, drawing 3 is CL=01ambdaO. Drawing 4 is a case CL=0.021ambdaO 
Drawing 5 is a case CL=0.081ambdaO Drawing 6 is a case CL=0,21ambdaO A case is shown, 
respectively, in each drawing, (a) shows the measurement result about the Eth page, and (b) shows 
the measurement result about an H plane, respectively. 

[0030] Drawing 7 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane which were obtained fi-om the directive measurement result, this dravdn g 7 — 
0.151ambdaO <=CL ~ lOdB beam width — the value of about 1 law — becoming — on the other hand 
~ CL<=0.151ambdaO **** ~ when lOdB beam width of the Eth page is changing a lot and changes 
the dimension of CL shows that it is possible to control the directivity of the Eth page. 
[0031] ** the CL experiment 2 — the width of face CW of the slot [ in / here / the corrugated 
structured division 14 ] 20 ~ O.OSlambdaO It carries out. ** ~ It is the wavelength lambda 0 in free 
space about depth CL of a slot 20. The directivity of each flat antenna produced so that it might 
differ in the 0 to 0.4 times as many range as this is measured, respectively. It is the wavelength 
lambda 0 in free space about depth CL of a slot 20. Change of lOdB beam width in the Eth page and 
H plane at the time of making it change 0 to 0.4 times was considered. 

[0032] Drawing 8 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane of the CL experiment 2. Also in this drawing 8 , by lOdB beam width's serving as 
an almost fixed value, and lOdB beam width of the Eth page changing a lot by CL<=0.151ambdaO on 
the other hand, and changing the dimension of CL shows that it is possible to control the directivity 
of the Eth page by 0.151ambdaO <=CL like the case of drawing 7 . 

[0033] ** the CL experiment 3 ~ here ~ die length Dl from the opening edge of a flat antenna to a 
substrate edge And D2 respectively ~ 0.41ambda0 - Width of face CW of the slot 20 in the 
corrugated structured division 14 is set to 0.041ambda0. It is the wavelength lambda 0 in free space 
about depth CL of a slot 20. The directivity of each flat antenna produced so that it might differ in 
the 0 to 0.25 times as many range as this is measured, respectively. It is the wavelength lambda 0 in 
free space about depth CL of a slot 20. Change of lOdB beam width in the Eth page and H plane at 
the time of making it change 0 to 0.25 times was considered. 

[0034] Drawing 9 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane of the CL experiment 3. this drawing 9 — also setting — the case of drawing 7 and 
drawing 8 - the same - 0.151ambdaO <=CL - lOdB beam width -- the value of about 1 law -- 
becoming -- on the other hand - CL<=0.151ambdaO **** when lOdB beam width of the Eth page 
is changing a lot and changes CL shows that it is possible to control the directivity of the Eth page. 
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Moreover, die length Dl from the opening edge of a flat antenna to a substrate edge And D2 Even if 
it changes a dimension, it turns out that there is almost no effect to change of lOdB beam width in 
the Eth page and an H plane, 

[0035] ** the CL experiment 4 — here — the die length of the taper-like slot section 13 of a flat 
antenna ~ 51ambdaO — It is the width of face CW of the slot 20 of the corrugated structured division 
14 0.041ambda0 It carries out and is the wavelength lambda 0 in free space about depth CL of a slot 
20. The directivity of each flat antenna produced so that it might differ in the 0 to 0.4 times as many 
range as this is measured, respectively. It is the wavelength lambda 0 in free space about depth CL of 
a slot 20. Change of lOdB beam width in the Eth page and H plane at the time of making it change 0 
to 0.4 times was considered. 

[0036] Drawing 10 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane of the CL experiment 4. this drawing 10 — also setting — the case of drawing 7 - 
drawing 9 — the same — O.lSlambdaO <=CL — lOdB beam width — the value of about 1 law — 
becoming - on the other hand — CL<=0.151ambdaO **** — when lOdB beam width of the Eth page 
is changing a lot and changes CL shows that it is possible to control the directivity of the Eth page. 
Moreover, even if it changes the dimension of the die length of the taper-like slot section 13 of a flat 
antenna, it turns out that there is almost no effect to change of lOdB beam width in the Eth page and 
an H plane. 

[0037] ** In the conclusion CL experiments 1-4 of the CL experiments 1-4, under various 
conditions, as a result of changing the dimension of depth CL of a slot 20 and considering change of 
lOdB beam width in the Eth page and an H plane, in the case of which, the almost same change was 
shown, and it turned out that it depends for change of lOdB beam width in the Eth page and an H 
plane on the dimension of depth CL of a slot 20. 

[0038] Moreover, drawing 1 1 is the graph which showed collectively the directive side lob level of 
the flat antenna used for the above-mentioned experiment, and drawing 1 1 (a) shows side lob level 
[ in / for the side lob level in the Eth page / in drawing 1 1 (b) / an H plane ], respectively, this 
drawing 1 1 ~ CL<=0.051ambdaO a case ~ the Eth page — it tums out that side lob level becomes 
very high. 

[0039] Therefore, the field ** O.OSlambdaO <=CL<=0.151ambdaOE page side lob level to which ** 
CL<=0.051ambdaOE page side lob level becomes very high is lower than the above experimental 
result, and, as for CL, the field in which the side lob level of a controllable field ** O.lSlambdaO 
<=CLE side is low, and the directivity which is the Eth page is almost fixed shows the directivity 
which is the Eth page. 

[0040] (2) the experimental result ** CW experiment 1 at the time of changing the width of face CW 
of a slot 20 — here, It is depth CL of the slot 20 of the corrugated structured division 14 
CL=0.21ambdaO It carries out. It is the wavelength lambda 0 in free space about the width of face 
CW of a slot 20. The directivity of each flat antenna produced so that it might differ in the 0.04 to 
0.2 times as many range as this is measured. It is the wavelength lambda 0 in free space about the 
width of face CW of a slot 20. Change of lOdB beam width in the Eth page and H plane at the time 
of making it change 0.04 to 0.2 times was considered. 

[0041] Drawing 12 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane of the CW experiment 1. This drawing 12 shows that most dependencies of lOdB 
beam width in the Eth page and H plane to the width of face CW of a slot 20 are not accepted. 
[0042] ** the CW experiment 2 ~ here — depth CL of the slot 20 of the corrugated structured 
division 14 ~ CL=0.151ambdaO It carries out. ** — It is the wavelength lambda 0 in free space about 
the width of face CW of a slot 20. The directivity of each flat antenna produced so that it might 
differ in the 0.04 to 0.2 times as many range as this is measured. It is the wavelength lambda 0 in 
free space about the width of face CW of a slot 20. Change of lOdB beam width in the Eth page and 
H plane at the time of making it change 0.04 to 0.2 times was considered. 

[0043] Drawing 13 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane of the CW experiment 2. Also in this drawing 13 , it tums out like drawing 12 that 
most dependencies of lOdB beam width in the Eth page and H plane to the width of face CW of a 
slot 20 are not accepted. 

[0044] ** the CW experiment 3 - here ~ die length Dl from the opening edge of a flat anteima to a 
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substrate edge And D2 respectively — 0.41ambda0 — Depth CL of the slot 20 of the corrugated 
structured division 14 is set to CL=0.21ambdaO. It is the wavelength lambda 0 in free space about the 
width of face CW of a slot 20. The directivity of each flat antenna produced so that it might differ in 
the 0,04 to 0.2 times as many range as this is measured. It is the wavelength lambda 0 in free space 
about the width of face CW of a slot 20. Change of lOdB beam width in the Eth page and H plane at 
the time of making it change 0.04 to 0.2 times was considered. 

[0045] Drawing 14 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane of the CW experiment 3. Also in this drawing 14 , it turns out like drawing 12 and 
drawing 13 that most dependencies of lOdB beam width in the Eth page and H plane to the width of 
face CW of a slot 20 are not accepted. 

[0046] ** the CW experiment 4 — here ~ the die length of the taper- like slot section 13 of a flat 
antenna — SlambdaO ~ It is depth CL of the slot 20 of the corrugated structured division 14 
CL=0,21ambdaO It carries out. It is the wavelength lambda 0 in free space about the width of face 
CW of a slot 20. The directivity of each flat antenna produced so that it might differ in the 0.04 to 
0.2 times as many range as this is measured. It is the wavelength lambda 0 in free space about the 
width of face CW of a slot 20. Change of lOdB beam width in the Eth page and H plane at the time 
of making it change 0.04 to 0.2 times was considered. 

[0047] Drawing 15 is a graph which shows the situation of change of lOdB beam width in the Eth 
page and H plane of the CW experiment 4. Also in this drawing 15 , it turns out like drawing 12 - 
drawing 15 that most dependencies of lOdB beam width in the Eth page and H plane to the width of 
face CW of a slot 20 are not accepted. 

[0048] ** Conclusion drawing 16 of the CW experiments 1-4 is the graph which showed collectively 
the directive side lob level of the flat antenna used in the CW experiments 1-4, and drawing 16 (a) 
shows side lob level [ in / for the side lob level in the Eth page / in drawing 16 (b) / an H plane ], 
respectively. It turned out that the clear inclination for the side lob level shown in lOdB beam width 
and drawing 16 which were shown in drawing 12 - drawing 15 to change depending on the width of 
face CW of a slot 20 is not accepted. 

[0049] (3) From the experimental result more than a conclusion, by setting depth CL of a slot 20 to 

(1) 0.051ambda0 <=CL (preferably 0.151ambdaO <=CL) the side lob level of the Eth page - low - it 
can stop ~ (2)0.051ambda0 <=CL<=0.1 SlambdaO [ moreover, ] ** ~ the conclusion that it was 
possible to control the directivity of the Eth page by CL was able to be obtained, pressing down the 
side lob level of the Eth page low by carrying out. It can be understood well that this conclusion of 

(2) compares drawing 5 (a) and drawing 6 (a). For drawing 5 (a), CL=0.081ambdaO and drawing 6 
(a) are CL=0.21ambdaO here. The directivity in the Eth page of the flat antenna of a case is shown, 
respectively, and the case of drawing 5 (a) corresponds to the flat antenna which fills the conclusion 
of the above (2). If both drawings are compared, the directivity of the Eth page of the flat antenna set 
to CL=0.081ambdaO ( drawing 5 (a)) is narrow compared with the thing of CL=0.21ambdaO 

( drawing 6 (a)), and a controllable thing can understand the directivity of the Eth page clearly by 
CL. Moreover, only depending on CL, the conclusion of not being influenced was also able to obtain 
the directivity of a flat antenna in the dimension of other parts of a flat antenna. 
[0050] However, considering the fimction of flat antenna original, the dimension of depth CL of a 
slot 20 is the die length Dl from an opening edge to a substrate edge with a natural thing. And D2 It 
cannot lengthen. Therefore, in order to make it a slot 20 not bar the function of antenna original, it is 
D-CL>=0.11ambdaO at least. The dimensional allowances of extent (D points out Dl and D2) are 
needed. 

[0051] Thus, since the side lob level of the Eth page can be low stopped by setting depth CL of the 
slot 20 in the corrugated structured division 14 to O.OSlambdaO <=CL according to the flat antenna 
conceming the gestalt 1 of operation, directive degradation of a flat antenna 10 can be prevented, 
without it degrades directivity by producing a flat antenna 10 so that depth CL of the slot 20 in the 
corrugated structured division 14 may tum into O.OSlambdaO <==CL, if it puts in another way - the 
die length Dl of opening 13c of a flat antenna 10 to an antenna edge, and D2 It can shorten and the 
miniaturized flat antenna 10 can be manufactured easily. 

[0052] Moreover, it is depth CL of the slot 20 in the corrugated structured division 14 0.051ambdaO 
<=CL<=0.151ambdaO Only the directivity of the Eth page can be changed continuously, without 
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affecting the directivity of an H plane by carrying out. Therefore, the flat antenna which has desired 
directivity can be manufactured easily, in addition, depth CL of the slot 20 in the corrugated 
structured division 14 - O.OSlambdaO <=CL<=0.151ambdaO ** - since the side lob level of the Eth 
page can be low stopped by carrying out, directive degradation of a flat antenna 10 can be prevented. 

[0053] In addition, in the flat antenna 10 concerning the gestalt 1 of operation mentioned above, 
depth CL of the slot 20 in the corrugated structured division 14 may not be the same at an antenna 
both-sides edge. That is, the configxiration of the corrugated structured division 14 may be non- 
object-relation. By carrying out like this, the flat antenna 10 which has various properties can be 
obtained. 

[0054] [Gestalt 2 of operation] In the gestalt 2 of operation of this invention, the antenna array which 
applied the flat antenna 10 which has the corrugated structured division explained with the gestalt 1 
of operation is explained. 

[0055] Drawing 17 is the plan of the antenna array concerning the gestalt 2 of operation. Two or 
more formation of the flat antenna 10 which has the corrugated structured division which explained 
the antenna array 80 shown in drawing 17 with the gestalt 1 of operation on the same substrate is 
carried out. namely, the substrate 81 which consists of a dielectric and the conductor which is formed 
on a substrate 81 and has radiation or two or more taper-like slot sections 82 which carry out 
incidence for an electromagnetic wave — two or more flat antennas 10 are formed of the section 82. 
moreover, a conductor — between each flat antenna 10 in the section 82, the slit 83 in which the 
corrugated structured division 84 was formed is formed. 

[0056] the substrate 81 with which the antenna array 80 shown in drawing 17 consists of Kapton 
wdth a thickness of 50 micrometers, and the conductor which consists of copper with a thickness of 5 
micrometers by which the laminating was carried out on the substrate 81 — it is formed using the 
section 82. Antenna length is the die length D3 between the edges of the opening 85 of the flat 
antenna which the design frequency of each flat antenna 10 is set to 60GHz, and the width of face of 
20mm (41ambda0) and opening 85 adjoins 5mm (lambda 0). It is 5mm (lambda 0). Furthermore, the 
slit 83 prepared between each flat antenna 10 The corrugated structured division 84 which width of 
face is 200 micrometers (0.041ambda0), and die length is 20mm (41ambda0), and was prepared in the 
both sides of a slit 83 Width of face CW is constituted when depth CL arranges a 0.4mm 
(0.081ambdaO) slot in a cycle of 0.4mm (0.081ambdaO) by 0.2mm (0.041ambda0). 
[0057] In addition, although the number of the flat antennas 10 with which the antenna array 80 in 
drawing 17 is equipped is four, the number of flat antennas is not limited to three. Moreover, an 
example is shown and the dimension of the above-mentioned antenna array can change the 
dimension of an antenna array 80 according to the conditions of the dimension of the corrugated 
structured division explained with the gestalt 1 of operation. 

[0058] Thus, die length D3 between the edges of the opening 85 of the flat antenna 10 which adjoins 
by having used the flat antenna 10 concerning the gestalt 1 of operation according to the antenna 
array 80 concerning the gestalt 2 of operation Even if it is the case where it shortens, it can prevent 
that the directivity of each flat antenna 10 deteriorates. Namely, die length D3 between the edges of 
the opening 85 of the flat antenna 10 which adjoins by forming an antenna array 80 so that depth-of- 
flute CL of the corrugated structured division 84 may turn into 0.051ambdaO <=CL Even if it is the 
case where it shortens, the directivity of each flat antenna 10 can be prevented from deteriorating, 
and the miniaturization of an antenna array can be attained easily. 

[0059] Moreover, it is depth-of-flute CL in the corrugated structured division 84 0.051ambdaO 
<=CL<=0.151ambdaO Only the directivity of the Eth page can be controlled without affecting the 
directivity of an H plane about each flat antenna 10 by making it change in the range. Therefore, the 
antenna array which has desired directivity can be manufactured easily. 

[0060] In addition, the flat antenna and antenna array concerning this invention are not limited to the 
configuration explained with the gestalten 1 and 2 of operation, and can change suitably an antenna 
configuration, the quality of the material, clock frequency, etc. by the application. Moreover, in the 
gestalten 1 and 2 of operation, although the corrugated structured division is constituted from a slot 
on rectangular, if it is the configuration which has the fimction to prevent directive degradation, it is 
clear that the corrugated structured division may be constituted from a slot of configurations other 
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than a rectangle. 
[0061] 

[Effect of the Invention] As explained above, according to the flat antenna (claim 1) concerning this 
invention It is the wavelength in CL and free space about the depth of flute of corrugated structure 
lambda 0 When it carries out, they are depth-of-flute CL and wavelength lambda 0. By having 
constituted corrugated structure so that it might become the relation of O.OSlambdaO <=CL Since 
directive degradation of a flat antenna can be prevented even if it shortens the die length of an 
antenna edge from opening of a flat antenna, a small flat antenna can be manufactured easily. 
[0062] According to the flat antenna (claim 2) concerning this invention, the depth of flute of 
corrugated structure Moreover, CL, It is the wavelength in free space lambda 0 When it carries out, 
they are depth-of-flute CL and wavelength lambda 0. O.OSlambdaO <=CL<=0.151ambdaO By having 
constituted corrugated structure so that it might become relation Since only the directivity of the Eth 
page can be changed continuously, without affecting the directivity of an H plane. The flat anterma 
which has desired directivity can be manufactured easily, and since directive degradation of a flat 
antenna can be prevented even if it shortens the die length of an antenna edge from opening of a flat 
antenna, a small flat antenna can be manufactured easily. 

[0063] Moreover, according to the flat anterma (claim 3) concerning this invention, it sets to a flat 
antenna according to claim 1 or 2. Furthermore, when the die length to the antenna edge of the side 
which established corrugated structure from the opening edge of a flat antenna is set to D Depth-of- 
flute CL and wavelength lambda 0 It reaches and die-length D is D-CL>=0.11ambdaO. Since 
corrugated structure was constituted so that it might become relation, it can prevent barring the 
fimction of antenna original by considering having established corrugated structure as a cause. 
[0064] Furthermore, while being able to manufacture a small antenna array easily by having 
arranged two or more flat antennas of any one publication of claim 1-3, and having constituted them 
on the same flat surface according to the antenna array (claim 4) concerning this invention, the 
antenna array to which only the directivity of the Eth page was changed can be easily manufactured 
about each flat antenna, without affecting the directivity of an H plane. 

[Translation done.] 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 10/31/2006 



JP,1 1-330846,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the conductor of a both-sides edge parallel to the radiation direction of an electromagnetic 
wave — the flat antenna which prepared corrugated structure in the part — setting ~ the depth of flute 
of said corrugated structure ~ the wavelength in CL and free space — lambda 0 ** — the case where 
it carries out — said depth-of-flute CL and wavelength lambda 0 Flat antenna characterized by 
constituting said corrugated structure so that it may become the relation of O.OSlambdaO <=CL. 
[Claim 2] the conductor of a both-sides edge parallel to the radiation direction of an electromagnetic 
wave ~ the flat antenna which prepared corrugated structure in the part ~ setting — the depth of flute 
of said corrugated structure — the wavelength in CL and free space — lambda 0 ** ~ the case where 
it carries out ~ said depth-of-flute CL and wavelength lambda 0 Flat antenna characterized by 
constituting said corrugated structure so that it may become the relation of O.OSlambdaO 
<=CL<=0. 1 SlambdaO. 

[Claim 3] Furthermore, when die length to the antenna edge of the side which established said 
corrugated structure from the opening edge of said flat antenna is set to D, they are said depth-of- 
flute CL and wavelength lambda 0. And flat antenna according to claim I or 2 characterized by die- 
length D constituting said corrugated structure so that it may become the relation of D- 
CL>=0.11ambdaO. 

[Claim 4] The antenna array characterized by having arranged two or more flat antennas of any one 
pubUcation of said claim 1-3, and constituting them on the same flat surface. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the plan of the flat antenna conceming the gestalt 1 of operation of this invention. 
[Drawing 2] It is the enlarged drawing of the field A in drawing 1 . 

[Drawing 3] It is the graph which shows the example of the measurement result about the antenna 
directivity in the CL experiment 1 which specifies the configuration of the corrugated structure of 
the flat antenna conceming the gestalt 1 of operation of this invention, and which went to accumulate 
(CL=01ambdaO). 

[Drawing 4 ] It is the graph which shows the example of the measurement result about the antenna 
directivity in the CL experiment 1 which specifies the configuration of the corrugated structure of 
the flat antenna conceming the gestalt 1 of operation of this invention, and which went to accumulate 
(CL=0.021ambdaO). 

[Drawing 5] It is the graph which shows the example of the measurement result about the antenna 
directivity in the CL experiment 1 which specifies the configuration of the cormgated structure of 
the flat antenna conceming the gestalt 1 of operation of this invention, and which went to accumulate 

(CL=0.081ambdaO). 

[Drawin g 6] It is the graph which shows the example of the measurement result about the antenna 
directivity in the CL experiment 1 which specifies the configuration of the corrugated stmcture of 
the flat antenna conceming the gestalt 1 of operation of this invention, and which went to accumulate 
(CL=0.21ambdaO). 

[Drawing 7] It sets to the CL experiment 1 which specifies the configuration of the corrugated 
structure of the flat antenna conceming the gestalt 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in firee space about depth-of-flute CL. It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0 to 0.4 times. 

[Drawing 8] It sets to the CL experiment 2 which specifies the configuration of the corrugated 
stmcture of the flat antenna conceming the gestalt 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in free space about depth-of-flute CL, It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0 to 0.4 times. 

[Drawing 9] It sets to the CL experiment 3 which specifies the configuration of the corrugated 
structure of the flat antenna conceming the gestalt 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in free space about depth-of-flute CL. It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0 to 0.25 times. 

[Drawing 10] It sets to the CL experiment 4 which specifies the configuration of the cormgated 
stmcture of the flat antenna concerning the gestalt 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in free space about depth-of-flute CL. It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0 to 0.4 times. 

[Drawing 11] It is the graph which shows the directive side lob level of each flat antenna used in the 
CL experiments 1-4 which specify the configuration of the cormgated stmcture of the flat antenna 
conceming the gestalt 1 of operation of this invention, and which went to accimiulate. 
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[Drawing 12] It sets to the CW experiment 1 which specifies the configuration of the corrugated 
structure of the flat antenna concerning the gestalt 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in fi-ee space about depth-of-flute CW. It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0.04 to 0.2 times. 

[Drawing 13] It sets to the CW experiment 2 which specifies the configuration of the corrugated 
structure of the flat antenna concerning the gestalt 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in fi"ee space about depth-of-flute CW. It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0.04 to 0.2 times. 

[Drawing 14] It sets to the CW experiment 3 which specifies the configuration of the corrugated 
structure of the flat antenna concerning the gestah 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in fi-ee space about depth-of-flute CW. It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0.04 to 0.2 times. 

[Drawing 15] It sets to the CW experiment 4 which specifies the configuration of the corrugated 
structure of the flat antenna concerning the gestalt 1 of operation of this invention and which went to 
accumulate, and is the wavelength lambda 0 in fi*ee space about depth-of-flute CW. It is the graph 
which shows the situation of change of lOdB beam width in the Eth page and H plane at the time of 
making it change 0.04 to 0.2 times. 

[Drawing 16] It is the graph which shows the directive side lob level of each flat antenna used in the 
CW experiments 1-4 which specify the configuration of the corrugated structure of the flat antenna 
conceming the gestalt 1 of operation of this invention, and which went to accumulate. 
[Drawing 17] It is the plan of the antenna array conceming the gestalt 2 of operation of this 
invention. 

[Drawing 18] It is the plan showing an example of the conventional flat antenna. 
[Drawing 19] It is the plan of the conventional flat antenna (LTSA). 
[Drawing 20] It is the plan of the conventional flat antenna (vivaldi). 
[Drawing 21] It is the plan of the conventional flat antenna (CWSA). 
[Description of Notations] 

10 90 Flat antenna 

11 81 Substrate 

12 and 82 a conductor — the section 

13 Taper-like Slot Section 

13c Opening 

14 84 Corrugated structured division 
20 Slot 

80 Antenna Array 
83 Slit 



[Translation done.] 
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